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SURJECT: Mechanical Properties of Aluminum Alloys at Cryogenic
Temperatures

ABSTRACT: This repert contains the mechanical property data obtained in
the Materials Research Group on zluminum elloys at +78°F,
~1000F, ~320°F and —423°F, The data include tensile strengths,
0.2% offset yleld strengths, elongations, notched tensile
strengths, notched Amnotched tensile ratios on perent metal and
tensile strengths, elongations and joint efficiencies of welded
jointe (heliarc tutt welds and fusien welds with filler metal
added), Meterials tested include 2014-T6, 2024~T3, 2024=T4,
2219.781, 2219-T87, 5052-H38, 5086-H34, 5086-H38, 5154-H38,

54, » 6061mT4, 606116, 7075-76, 7079-76, 7178-T6 and
X7275-T6 sheet, 2024.T4, 6061-T6 and 7075-Té plate and 7079=T6
billet material,

An analysis of the results is included for each alloy which
primerily discusses the usefulness of the material for structural
applications at cryogenic temperatures, Also, correlations of
the material's mechanical properties are made with its chemistry,
impurity content, micreostructure, primary working and heat treat-
ment, Reacommendetions are made concerning the use of aluminum
alloys at cryogenic temperatures and future research work which

has been suggested by this progrem,
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SUBJECT: Mechanical Froperties of Aluminum Alleys at Cryogenic Temperatures

INIMDUCTION s

Vory low temperatures are encowntered in surrent and proposed missiles and
space vehicles due to the use of cryegenic propellants such as liquid exygen
and 1liquid hydrogen (bollimg pointe of ~297°F and ~423°F, respectively)

and dus to the near absolute gzero temperstures encountered under certain
conditions in outer apace, Therefore, the properties of engineering
materials at these extreme subsero temperatures are becoming of prime
importance to the deaign engineer.

The primary purpose ef this investigatien was to determine the mechanical
properties of a number of high-strength aluminum alleoys in order to evaluate
their usefulness fer structural applicatiens at cryegenic tempsratures.
. Also, it was the prupose of this program to correlate the mechanieal properties
with such variables as chemistry, impurity content, microctructure, primary
working, and heat treatment in order to better understand the mode of
deformation and fracture characteristics of asluminum alleys as a function of
temperature. Another purpose wes to make definite recommendations for the
future development of aluminum alloys in order to impreve their preperties
at oryogenic temperetures. The materials tested in this program include
2014, 2024, 2219, 5052, 5083, 5086, 5154, 5456, 6061, 7075, 7079, 7178 and
X7275 aluminum alloys in vsrious tempers and degree of cold work and in
several forms (sheet, plate and forging steck).

Many investigations have been made on the low tempersture properties of
aluminum alloys (Refs. 1, 2, 3, 4); however, in addition to the determination
of tensile and elastic properties as a function of temperature, notched
tensile properties and notched /unnotched tensile ratios were determined.

- The netched /unnotched ratios were determined as a function of temperature

in order to evaluate the toughness; whieh is often referred tc in terms of
resistance to brittle fracture, or notch sensitivity (Refs. 5, 6, 7). A

- notched specimen with a stress concentration factor (Kt) of 6.3 was selected
for use in this investigation because previous axisl fatigue tests of
complex welded joints and fatigue and burst tests of pressure vessels made
of 301 extre full hard stainless steel exhibited excellent correlation with
notched/unnotched tensils raties obtained with this value of K over a range
of temperatures from 78° to ~423°F (Ref, 8). Data were obtained on specimens
with less acute notches (e.g., Kt of 2,5-3.0) and were found to be less
discriminatory between tough and brittle materials; in fact notched/unnotched
‘ retios of near unity were obtained on some materials which were known to be
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brittle (Ref, 8). At the other extreme, however, stress concentration
factors of 15 to 18 have been employed by some investigaters (Ref, 4) and
these teste in general tend to make all materials appe=r brittle., Thus,
notohed/imnotched tensile raties using a K, of 6,3 have proven to be both
discriminatory between tough and brittle materials and to correlate with
service behavior,

MATERIALS, TEST SPECIMENS AND APPARATIS :

The aluminum alloys used in this investigation snd their histery and chemical
analyses are listed in Table 1, The tensile specimens used in this investi-
gatien are shown in Figure 1. All tensile specimens were inspescted and
individuslly measured for ares determination, Netched specimens were
inspected and msasured by means of an optical comparztor, and all specimens
out of tolerance were rejectad. The stress concentration factor (Kt) as

a/2 width between potchep
detarmined by b

radius of the notch

» vas 6,3 with "in tolerance”"
limits of 5,7 to 7.1.

The testing apparatus consisted of a 50,000-1b, Baldwin universal testing
machine equipped with a continueus stress-strain recorder and strein pacer,
Standard extensometers were used at room temperature and a specially designed
cryo~extensameter was used at low temperstures, OSpecially constructed
cryostats were used for testing at sub-zero temperatures; a small ‘open
cryostat for «100° and -320°F, and a gas-tight cryestat insulated by s
vacuum chamber, liquid nitrogen jscket and foamed polyurethane, for tensile
testing at «423°F, A full description of the cryostat, eryo-extensometer,
“nd accessory equipment, as well as the safety festures and rapidity of
testing can be found in Ref., 9., The tensile machine, extensometers and
accessory egquipment were periodically checked and calibrated,

EXTERDGNTAL FROCEDURE :

Tensile tests were performed at 78°F (roem temperature), ~100°F by immersion
in a bath of dry ice and alcehol, -320°F by immersion in liquid nitrogen
and -423°F by immersion in liquid hydrogen. Tests were conducted after the
specimens came to temperaturs as determined by a copper-constantan thermo-
couple taped to the test section, Times required to reach temperature were
frem 2 %o 5 mioules alter immersion. The smooth tensile specimens were
tested at a strain rate of 0.001 in./in./minute to yield, followed by a rate
of 7,15 in,/minute wntil fracture. HNotched tensile specimens were tested
at 7,001 in,./in./minute, as determined by extensometers, until fracture.
Yield strengths were determined from the continuous stress-strain curves by
the 0.2% offset method. Elongations reported herein are total elongatiens
as detemined by scribe merks on a surface dye und vead at 10X magnification
over s Z2«in, gage length for flot tensile specimens and 2 l-in., gage length
for the round test bars, Hardness measurements were made on a Rockwell
superficial tester on the 15-Y sesle at room temperature,
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EXPERDMENTAL FESULTS :

The tensile and yleld stremgths, elongations, netched tensils strengths,
notched /mnotched tensile retios and welded joint properties are presented
in Tables II through XXII (see 1list of tables, page 11 ).

DISCIBSJON OF RESULID :

Each of the aluminum alloys will be discussed separately, particularly
concerning its use for structural applications at cryogenic temperatures;
however the behavior of pure-aluminum at extreme sub-zero temperatures will
be discusged first., Also, a few generallzatiens on the behavioer of aluminum
alloys at eryogenic temperetures will pe made based upen ihe preseal Leol
data, S

The following may be said about the effects of low temperatures on the
mechanical properties of metals, such as pure aluminum, which have face-
centered, cubie lattice structures, (Refs, 10, 11) There is & small increzie
which 18 gradusl and continuous in the initial resistance to deformation
(yield strength) and in the elastic modulus as the temperature 1s lowered,
There is little or no change in ductility as measured by elongation, from
room to cryogenic temperatures., Also, there is no detrimental effect on
toughness, as determined by impact tests, consequently, there is no ductile
to brittle transition (sueh as is noted in many materials having body-
centered cubic or hexogonal-close-packed siructures). There is, however,

a large increase (50 to 100%) in the tensile strength with reduction in
temperature from +78°F to -423°F which 1s indieative that the hardness and E
possibly the rate of work hardening is strongly affected by temperature. i

As may be seen from the data presented in Tables II through XXII, the
alumimim alloys tested in this investigation do not behave in the same
manner as pure aluminum at cryogenic temperatures, Yield strengths increase
from 25 to 50% by reducing the temperature from +78°F to -423°F., Many of
the alloys (7000 series) experienced a sharp decrease in ductility (as
measured by elongation and reduction in area) at the lower temperaztures.
Notched tensile data and notched/unnotched tensile ratios indicate th:t
many of the aluminum alloys (particularly some of the 5000 and 7000 series |
alloys) becams embrittled at cryogenic temperatures, Tensile strengths l
increased from 25 to 50% instead of 50 to 100% as would be expected for |
pure aliuminum,

Therefore it 1s seen that low temperatures affect the mechaniesl properties !
(vield and tensile strengths, ductility and toughness) of aluminum alloys

quite differently as compared to undisterted crystals with face=centared |
cubic lattice structures. Explanatione for the cryogenic behavior of these i
alloys is based upon the presence of a strained lattice structure, preci- i
pitates in the grain boundaries and slip planes, and intermetallic compounds, |
How large an effect these factors have on the behavier of sluminum alloys ,
depends upon the type and amount of alloying elements and impurities preceni !

- e . . . L P |
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and whether they are in solid solution with the parent aluminum or in the
form of a seeond phase.

The large increases in yleld strength are falt to be due to the soild F
solution elements end precipitates within the crystal structure which i
create a strained or distorted lattice. Many of these stralns within the
lattice are "locked™ in place at the lower testing temperatures thereby
causing a large increzse in the initial resistance to deformatien (yield
strength), The sharp decline in ductility of some of the 7000 series alloys
is explained en the basis of "premature” fractures caused by stress con-
centrations (inclusions or large precipitates) within the grain and, or |
I heavy precipitation at the grain boundaries which oreates a brittle condition. !
Photomicrographs of fractured tensile specimens show these conditions
(Ref., 12). The rate of work hardening for the aluminum alloys apparently !
wvas not strongly affected by decrease in temperature., This is shown by the ;
fact that there was a smaller increase in tensile strength than is experienced
in pure aluminum, that the hardness (15-N scale) of the fractured specimons
near the fractures was nearly the same as for the untested materisl, und j
that slip lines appeared in only a few grains (Ref, 12). The decreass in !
toughness, as measured by the trend of the notched tensile strength and |
notehed/unnotched tensile ratios, at the lower testing temperatures is felt !
‘ to be due to the presence of a strained lattice and stress concentrators !
(precipitates and inelusions). '

f
As may be seen from the data in Tables II threugh XXII, the 2000 and 6000 |
series zlleys behave more like pure aluminum at cryogenic temperztures than |
do the 7000 series and the high Mg containing 5000 series alloys (5154 and |
5456), This 13 explained on the basis that the total alloying content is :
miich higher in the 7000 series and high Mg 5000 series alloys.

There appears to be 2 definite effect on the low temperature toughness as a
result of various heat treatments. For example, the 6061-T6 alloy retains
greater toughness than the 6061-T4 at —423°F; also the 2024«T4 remains
tougher than 2024.T73, These data are explained on the basis that more of
the alloying elements are precipitated out in the form of discrete particles
of intermetzllic compounds in the 6061-T6 and 20R4~T4 than in the 606174
and 2024-T3 vhieh gives a less distorted lattice and therefore greatsr
Lougimess for the 6061-T6 and 2024-T materials,

As witnessed by the data on 5086-H34 (half hard) and 5086-H38 (full hard)

there is little effect as a result of the amoumt of working (cold rollings
in these alloys since both of these alloys retain about the sume degree of
toughness at cryogenic temperatures,

The notched/unnotched temsile ratios for the plzte and billet materiuls
were appreciably higher than for the corresponding sheet materisls at room
‘ temperature. These data may be explained by the distortion energy theory !
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(Ref, 11), which also explains why notched/umnotched tensile ratios greater
than unity may be obtained, The distortion energy theory states that the
total stress-strain curve (elastic and plastic regions) is raised under
conditions of biaxial loaeding and even more so for triaxial loading than
for simple tension. “‘herefore, due to the biaxial loading present in
notched sheet specimens and triaxial loading in notched bar specimens, it is
possible to obtain notched/unnotched velues of 1.1 and 1.3, respectively. ‘
For this reeson a comparisen of data obtained from flat specimens (sheet |
material) snd round specimens (plate material) is not attempted, |

2 3 A A :

B:sed on the notched tensile strengths and notched/unnotched tensile ratios,
it is felt that the following 2000 series aluminum alloys may be used for ,
structural applications at =4239F: 2014-T6, 2024-T4, 2219-T81 apnd 2219-T87 ¥
shoet and 2024~T4 plate, 202{~T3 sheet may be used to -320°F, Table XXIII
is = Material Selection Guide which indicates at which temperatures the
xluminum alloys tested in this investigation may be used for structural
applications. '

Of the 2000 series alloys, 2014-T6 has the highest strength (60 + ksi Fy
’ and 70 + ksi Fgy at 78°F) with an appreciable increase in tensile properties
at cryogenic temperatures (80 + ksi Fty and 100 + ksl Py, at -423°F),
Elongation of the base metal remains wmiform at sll testing temperatures,
Welded joints (manually welded by the tungsten arc method with 2319 filler
metal, tested with bead in place§ are 70 + % efficient at all testing
temperatures., Elongations of welded joint specimens were low (2% at 78°F zpd
1.2% at ~423°F); however there was no indieation of embrittlement in the
weld or heat affected zone as determined by notched tensile tests. Further
information (e.g. cost, availability, formability, etc.) on 2014-T6 is
available in MRG-192-2,

2219-T81 and ~T87 are the next higher strength 2000 series alloys., 2219
was recently developed as a high temperature alloy; however it shows great
promise for cryogenlc applications., Weld joint efficiencies and elongations
are simular for 2219 as they were for the 2014~T6 alloy. 2024~T4 in both
sheet and plate remains tough to =423°F; however this slloy is of lower
strength, The toughness of 2024~13 is questionable at ~423°F, 2024-73 is
not recommended for stFuctural applications vwhieh must withatand high stresses

or impact loading at =423°F, :

At the present time there is a paucity of fatigue data on aluminum alloys ‘
at cryogenic temperatures, particulary on welded joints and at high stress |
levels, It is felt that fatigue data should be obtained on those alloys
which eppear to be the most promising for cryogenie applications.
|
{
i
|
!

S A A
o

Of the 5000 series eluminum alloys, 5052-H38 and 5083-H38 zppear to remain
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tough enough for structural applications at ~423°F, 5086-H34 and -H38 and !
5154-H38 may be used to -320°F, Notehed tensile date indicate that 5456-H343
suffers some degree of embrittlement even at -100°F; therefore this alloy

is not recommended for cryogenic applications,

Of the two 5000 series alloys acceptable for use at «423°F the 5083~H38 has
the highest strength (ses Table IX); however this material was experimentalliy
rolled to the H38 temper. It is felt that this material should be more
thoroughly evaluated before being used at -423°F, Data obtained on welded
jointa (heliarc butt weld, roll planished, no filler metal) are presented in
Tables VIII, X, XII and XIII for 5052-H38, 5086-H34, 5154-H38 and 5456-H343,
Welded joint effieiencies ranged from about 65 to 85% depending upon the
materialiangfttesting temperature., DBmse metal and weld elongations gener=lily
increased with reduction in tempereture, As was mentiened previously, the 4
poor toughness of some of the 5000 series alloys (e.g. 5456) is felt to be *
due to the highly strained lettice resulting from the large amount of alloying .
content in solid solution or precipitated in the orystal structure, it the
present time more information is available en the 5052 alloy (see MRG-192-2); |
therefore it is recommended for use at =423°F in preference to 5083 until ;
further data may be obtained,

R A A

6061~T6 sheet and plate remsin suffieiently tough for structural applicstions
to =423°F, 6061~T4 appears to bscome sembrittled at the lover testing temp-
eratures and is not recommended for use at -423°F, The strength of 6061 is
significantly less than other aluminum alloys (e.g. 2014) which remain ;
tough to -423°F, Veld data were not obtained.

The notched tensile strengths which indieate notch sensitivity and the notched/
unnotched tensile ratios which may be used as indices for resistance to

brittle fracture show that all the 7000 series aluminum alloys suffer a ;
degree of embrittlement at very low temperatures, As may be seen in Tables
XVII through XXII, notched/unnotched tensile ratios are considerably less

than unity for 7178 at -100°F, for 7075, 7275 and 7178 at -320°F and for all

of the 7000 series aluminum alloys at -423°F,

The poor toughness, as measured by the notched/unnotched tensile ratio, of
these alloys at cryogenic temperature is felt to be primerily due to the
chemistry (high alloying content) =nd to the impurities present. The tough-
ness of the 6000, 5000 and 2000 series aluminum alloys, representing low
alloying, magnesium alloying, and copper alloying, respectively, is not as
severely impaired at low temperatures (Refs. 1, 3, 4, 8) as for the 7000
gseries alloys. Thersefore, it apppars that the high alloying (Zn, Mg, Cu)
contents, and in particular, the zinc additions are primarily responsible
for the low temperaturs embrittlement. Further evidence of this effect mey
be seen by comparing the chemistry of 7079 sheet material which has nearly
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the same total alloying content but mueh smaller amounts of zine and copper,
with the rest of the 7000 series alloys, This alloy retains greater tough-
ness at much lower temperatures than the 7075, 7275 or 7178 alloys. That
impurity content is a factor controlling low temperature embrittlement is
apperent from the fact that 7275-T6 retains greater tolighness to «320°F
than 7075-Té, As may be seen in Table 1, 7275 is merely a high purity 7075
alloy and as sush has far fewer inclusions present in the microstructurs.
Also, the abnormally low trensverse propertles of 7075-T6 plate may be
explained due to the large number of inclusions present in the grain bound-
aries,

The second important feector offecting low tempernture amhrittlement of the
7000 series aluminum alloys is that of primary working. The degree of
primary working of the metal is important as may be seen by comparing the
properties of the 7079=T6 sheet and 7079-T6 billet material, Chemistries
vere nearly identical; however, the billet material experienced much mors
severe smbrittlement at lower temperatures than the sheet material, This
may be explained by the cored structurs present in the 7079-T6 billet, which
was not broken up by primary working.

Based upon the data obtained in this investigation, it is racommended that
extreme caution be exercised in employing any of the 7000 series alloys for
low temperature structural applications in which high stresses and impact
loading are present., In fact; it is recommended that nome of these alloys
be umed for such applications belew =320°F, that only 7079-Té sheet meterial
be employed at less than -100®F, and that 7178-T6 sheet material not be used
much below roem temperature, These recommendations are based upon present
information; however it is felt that future development may considerably
improve the low temperature properties of these alloys. In view of the above
mentioned factors which effect low tempereture embrittlement, it is suggesied
that further development of the 7000 series alloys for the purpose of
improving thelr oryogenic properties be concerned with chemistry, impurity
content, and degree of primary working. Research along these lines is
presently being initiated in the Materials Research Group,

RECOMMENDAT JONS ¢

Based upon the data obtained in this investigation, the following aluminum
alloys may be used for structural applications at —4230F: 201476, 20247/,
2219-T81, 221 » 5052-H38, 5083-H38 and 6061~76 sheet and 2024-T4 and
6061-T6 plate. se alloys as well as the following alloys may be used for

structural applications down to =3200F: 2024~T3, 5086-H34, 5086-H38, 5154-H33,

6061~T4 and 7079-T6 sheet., Two of the aluminum alloys tested are not recom-
mended for use at any sub-zero temperature (5456-H343 and 7178-T6)., Table
XIII is a Material Selection Guide which is added for convenience in selecting
those alloys which may be used at extreme sub-zero temper=turs;, These
recommend:tions are based upon present data which was generzlly obtained on
only one lot (heat) aluminum for each alloy; therefore further testing
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(tensile, notched tensile and fatigue) should be conducted before using
the above mentioned alloys in a major structure st cryogenic temperatures,

In addition to further evaluation of the more promising alloys, it is felt
that more research should be conducted to further determine the effectis

of chemistry, impurities, micrestructure, primary working and heat treatment
on the properties of sluminum alloys at eryogenic temperatures, The purpose
of this research is to develop aluminum alleys of higher strength commensu-
rate with adequate toughness for use at cryogenic temperztures.

SNCUBIOS :

Bused upon notched tensile strengths and notched/unnotched tensile ratios,
the following aluminum alloys may be used for structural spplications

at —423°F: 20L4-T6, 20R4-T4, 2219-T81, 2219-T87, 5052-H38, 5083-H38 and
6061-T6 sheet and 20R4~T4 and 6061-Té plate.

In addition to the above mentioned alloys, 2024~T3, 5086-H34, 5036-H38,
5154-H38, 6061-T4 and 7079-T6 sheet may be used to -320°F,

7075-T6 sheet and plate and X7275-T6 sheet may be used to -100°F; 5456~
H343 and 7178-T6 sheet should not be used at any sub-zero tempsreture
(~100°F or belew),

In general, the mechanical properties of aluminum slleys are affscted
quite differently &s compared to the mechanicel properties of pure
aluminum at cryogenic temperstures,

The lsrge increases in yield strengths of aluminum alloys with reduction
in temperature is felt to be due to ths stmined lattice created by
alloying elements, imourities and preciplitates within the crystal,

The sbarp reductien in Juctility noted for some of the 7000 series 2lloys
at «320°F and at «423°F is felt o b= Jue to "premsture® frectures
caused by stress concentrators (incimsions and lurpe precipitates) =nd
brittle grain boundaries (caused by ncavy precipitction in the grain
boundaries).

Alumimim slloys exparienced lesa werk hardening at cryogenic temperstures
than pure aliminum, as determined by relatively small inereases in Fyy,
little or no increase in hardness and the appearance of only a few alip
lines in the micrestructures of fractured specimens.

The decrease in toughness ln some of the aluminum alloys at reduced
temperatures is felt to be due to one or more of the following: strained
lattice, stress concentrators (inclusions, etc.) and brittle grain
boundaries,

FCRM MO R7021

_2 December 1960

|
|
|

e



RepoRT_ MRG=190

CONVAIR || ASTRONAUTICS pace 10

9.

Notched /unnotched tensile ratios on round (bar) specimens are not the
same as for flat (sheet) specimens. The explanation is based on the
distortion energy theory.

There appears:to be a definite effect of various heat treatments on the
toughness of several alloys at cryogenic temperatures. This is explained
or. the basis of the degree of strain within the lattice a2s a result of
the amount of alloying elements in solid selution.

There seems to be little or no effect (within the limits tested) of the
amount of primary working {(cold roiiing) upon ihe toughness oi the >0UU
gseries alloys at cryogenic temperatures, However, as seen by the datsa
on 7079-T6 billet material, sufficient working to break up the cored

(as cast) structure is required to impreve the toughness at cryogenic
temperatures,

% Decemter 1960
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TABIE II

‘ Mechanicel Properties of 2014-T6 Aluminum Alloy
0.063" Sheet, Alcoa, AMS 4029

TEST DIRECTION Fty Ftu e NOTCHED NOTCHED/ WELD TENSIIE® WELD JOINT
TEMP. T.S. UNNOTCHED STRENGTH ELONG EFF
(Kg=6.3)  TENSIIE (ks1) ¥ %
kst kei § _ksi RATIO
+78 Long- 66c3 73‘7 n 74.8 5102 2.0
Long. 65.1 72.5 1 T4l 54.8 2.0
Long. — —_— 53.4 1.5
Avg 65.7 T3.1 11 4.5 1.02 53.1 2.0 75
+78 Trans. 62.5 7Tl.4 11 70.9
Trans. 63.0 71.9 11 71.6
irans. 63,0 71.3 11 67.5
Avg 62.8 71.5 11 70.0 0.98
"100 Long. 6902 7605 12 ’noé 5508 1.5
Long. 6993 76:3 12 78.7 58.8 2.5
Long. _ e 555 1.5
tvg 69.3  76.4 12 79.2 1.04 56.7 2.0 Th
—100 Trans. 61005 7406 12 71.5
Trans. 64-8 7401 11 70.3
‘ Trans. _‘2}_:_6_ 72-5 l;_ z;.g
Avg 64.3 Tkl 11 71.0 0.96
=320 Long. Th  87.4 14 85.3 60.9 1.0
Long - 86.8 14 85.6 63.2 1.0
Longe o e e 61.6 1.0
tvg Thed,  87.1 1 85.5 0.98 61.9 1.0 71
-320 Trans. 71.8 85.1 14 79.8
Trans. 66.6 M.7 1 7549
Trans. 2.6 1 13 ’
Avg 0.3 T78.7 1k 78.7 1.00
Leng. 85,0 103 16 95.5 83.6 1.0
Longe | s s e Il4 =3
Avg 86.2 104 17 97.8 0.94 75.6 1.2 75
-4, 23 Trans. 80.2 101 15 85.4
Trans. 83.5 104 15 86.3
Trans. 83,2 101 15 g1.8
Avg 82.3 102 15 8L .5 0.83

*P{1ler Metal (2319) weld, tested with bead in place.
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TABLE III
c cal Properties of 2024-T73 *luminum Al
0.025" Cheet, Alcoa, QQ-A=355
TEST Fy F, el. NOTCHED T.S. NOTCHED/UNNCTCHED
TEMP.  DLaECTION kel ke % (K=6.3) ksl  _TENSLLE RATIO _
+78°F Long. 47.8 67.8 18 599
LOﬂgo 1&7-5 68ol 18 5908
Long. 47,0 67.9 18 60.8
Ave. 47.4 7.9 18 %0.2 0.89
+78°F Trans. 43.8  66.2 18 62.6
Trans. 43.9 65,4 18 6
Ave.  43.9 5.8 18 2.9 0.96
-100%F Long. 49 o4 70.3 21 60.0
Long. 1&902 7005 21 61-2
Long. 48.1 9.9 20 6g.3
Av@. 48.9 7002 21 61.2 0087
-100°F Trans. 4.0 679 21 62.7
Trans. 45,0 67.7 21 62,8
AVe. 445 67.8 21 62.8 0.93
~320°F Long. 61,0  86.1 22 76.6
Long. 6l.4 87.8 22 76.6
Long. 0.2 87.2 22 754
Ave. 60.9 87.0 22 76.2 0.88
-320°F Trans. 56.5 83.2 22 75 o
Trans. 55,7 83.5 22 73.9
’VB. 56-1 83.4. 22 7407 O.90
~423°F Long. - 109 19 8¢.3
Long. 70.9 110 14 84.8
Long. 75.2 112 19 95.2
Long. — 8602
Ave. T73.1 110 17 88.8 0.81
-423°F Trans. 68.9 106 19 85.4
Trans. 9.0 107 17 88.2
Ave. 69.0 107 18 86.8 0.81
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TABIE IV
Mech a2l Properties of 2024-T4 Al 11
0.032" Sheet, Alcoa, QQ=-A=355
TEST Fy Fy el. NOTCHED T.S. NOTCHED/UNNCI G T
TEMP. DIRECTION ke kst 2 (Ky=6.3) ksl TENSIIE RATIO
+78°F Long. 4L2.6  67.5 19 58,3
Long. 42.9 66.9 19 59.2
Long. 43.0 68.6 18 59.5
Ave. 42.8 67.7 19 55.0 0.87
+78°F Trans. 0.5  64.8 20 57,5
Trans. 42+4 ga,g 20 57.5
Ave. L1.8 271 20 57,5 0,86
~1000F Long. 43.0  T0.1  2%- 60.1
Long. 4hel 6.6 20 60.4
Long. hhol 6.6 21 el.7
Ave. 437 6.8 22 o7 0.87
-100°F Trans. 4L2.4,  67.2 25 58.9
Trans. 43.0 68,8 23
Ave. L 8.0 2 58.9 0.87
-320°F Long. 54,48 86.0 32 71.3
Long. 55,0  83.9 24 71.2
Long- ig_._& 8&-8 % 2302
Ave. 54.1 8449 27 71.9 0.85
-320°F Trans. 53,7 81.3 16 65.Z
Trans. 535 82.2 21 gO.
Ave. 53-6 81-8 19 el 0'83
~,23°F " Long. 74.3 103 12 85.3
Long. 7,.8 108 19 86.9
Long. 70.9 110 17 91.2
Long. — — 89.8
Ave. 73.3 107 16 88.3 0.83
~, 2 30F Trans. 66.8 94,3 10 85.6
Trans. 68.2 99.8 10 85,1
Ave. 67.5 97,1 10 85 .4 0.83
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. TEST DIRECT ION P, F ° R. A, NOTCHED T.S. NOTCHED/UN 0T CHED
IEMP. P S 1 3 (B=6.3) kel TESS IIE RAT [0
.- +78%F Long 56,7 71.5 19 12 82.4,
I.Dngo 2& 15. M
Ave, 54.% %908 21 17 82,3 1,18
+78°F Trans., 45,3 66,3 16 15 77.2
Trans. 45,7 67.5 16 15 75.3
Trans, — - zg,g
Ave,  15.5 66.9 16 15 76.2 1.14
~100°F Long. 55.3 69.6 19 4 84.1
Long, 56.0 69.1 16 2 84.2
long. 22,0 1l.9 21 -2 82,8
Ave. 55.4 70,2 19 4 83,7 1,19
-100°F Trans, - 65.3 - 5 80.4
Ave, 45.2 o i% 9 77.4 1.17
@:z0r Long. 5.9  81.5 13 1 95.4
Long. 67.4 81.7 6 12 96,6
Long. = 8.7 16 a 200 .
Ave, 66.7 82.3 12 1 97.3 1.18
-320°F Trans . 50,7 80.7 17 12 90.3
Trans., - 5.0.;2 2 - 89.4
Ave, 50.7 80, 15 12 89.9 1,12
~423°F Long. 79.9 95.5 8 5 n2
long. 80.1 95.8 13 10 111
Long. 73,9 2.0 10 iz 220
Ave.,  80.0 95.4 10 9 111 1,16
_ =423% Trens, P 95
Truns, 22.4 93 .g 9 2
Ave . 904 93 . 8 9 . 95 1 oOl



TEST  DIRECTION
TEMP,
*780, Img °
Long.
Long.
Ave,
+78%F_  Iruns.
Trans,
Ave,
-100°F 1long.
Long,
long.
Ave,
"low Trm °
Trans,
Ave,
~320°F long.
Long.
long.
Ave,
«320°F Trans.
Trans .
Ave,
~23°F long.
long.
Long.
Ave,
«423°F Truns,
Trzns,
Ave,

E

N AN
- R
* [ )
0 O

i

\wn
Pl
L]

o

13

33
O 0 (@]

) 4T

kai 2 (Be=0.3) ked _ RATIO

67.4
67.6

67.5
67.2

102

il

0.063" Sheet, Alcoa

TABIE VI

)

10
9

10

k&

RS Bl EE BlE o ve

T\

5l &5
Ut

e e

NOTCHED T,S,

£L
¢ o
~3 b

{]

W
)
C

% 0"‘
L]
o

NN
o o
o0~

0 ) Eﬂ
) . .
o | d

33
e
N

;R ZSI
L ] L3 L]
N >

O O
&~
. *
W

v
.
-

ar 7
Y4 60

£2.0
91.3

NOTCHED/ * WELD TENSILE* WELD  JOLi
UNNOTCHED STRENGTH (ksi) ELONG EFF
TENS I1E (%) (%)
0.95 47.7 2
48.7 3
48.0 2
0.95 48,1 3 71
0.98
50.2 6
49,5 4
4
0.94 49.7 5 68
0.93
63,7 2
63.6 2
z 4
0.91 3 3 75
0.90
73.2 2
71.5 2
72,4 2
0.92 72.4 2 71
0.90

# Manually welded with 2319 aluminum filler metal, no post heat treatment, tested with
bead in place (all fractures occurred in heat effected zone),
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0.063" Sheet, Alcoa

TEST DIRECTION rty Feu o  NOTCHED T.S, NOTCHED/# WEID TENSIIE WELD Joqmry

TEMP, UNNOTCHED STRENGTH (ksi) ELONG EFF
TENS ILE
kol kai 3 (Bs=€3) ksl  _BATIO {3 (&)
+78°F Long. 58,3 70.8 9 68.9 50.6 2
Long. 58.0 70.6 9 70.5 50,0 2
long. —— st 2 <
Ave, 58,2 70.7 9 39.7 .99 51.1 2 72
+789F Trone, 2.5 71,1 9 70.6
Trans. 2342 Ol 8
Ave, 58.6 71.1 9 69.7 0.98
long. 62,3 76,1 9 The2 48.5 3
Long. — 49,2 2
Ave, &2.4 76.4 9 746 0.98 49.5 4 65
Trans. 2 12,3
‘ Ave, 2.8 76.4 9 73.7 0.96
"320°F lango 69.10 88.6 ll 85.9 61.0 2
Long. 70.0 88.2 11 85.0 60.9 2
Long. — — ?rl& 2
Ave, 39.7 83,4 11 85.5 0.97 1.2 2 59
-320% Tmns. 70.8 89.3 ll 8306
Trans. 70,0 29.4 W
Ave, T0.4 89.4 11 3.7 0.94
"42302' Longo 7606 104 u 9501 76.4 105
lmg. 76.2 104 14 %00 70.7 0.5
Long. —— — yAR:] (%]
Ave, 73.4 104 14 95.3 0.92 73.0 1 70
«L23°F Trans. 76.2 105 14 95.1
Trens, 75,6 105 14 95.2
Ave. 75.9 105 1 95.2 0.91

* Manually welded with 2319 aluminum filler metal, no post heat treatment, tested with
bead in place (all fractures occurwed in heat effected zone),

v
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TEMP.

+78

+78

® .

=320

~320

423

@ -

DIRECTION

Long.
Long.
Long.
Long.
Iﬂng .
Avg

Tran.
Tran.
Tran.
Tran.
Tran.
Avg

Iﬁng .

Llong.

Long.
Avg.

Tran.
Tran.
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TABIE VIII

MRG-190

Machanicsl Provartias of 5052-H38 Aluminum 2llov

«040" Sheet, Alcoa, Heat Neo., 635-521

F e NOTCHED
tu T.S.
ksi
kel % (K=6.3)
L8 T  4B.5
45.2 7 48.1
45.0 8 4844
454 7
45,3 7 ___
45.1 7  18.3
45.7 9  50.6
L6.0 3 531.5
51,2
50,8
—_— —  21.2
(5.9 9 51.1
47.3 11 50.6
(6.9 11 50.4
47,3 20 ____
27.0 11  50.5
47.2 11 54.2
47.9 M 24
47.0 11 54.2
63.4 24  63.1
62.4 27  63.2
62.3 18 63.5
62.8 26
6_2.% 30
62.6 25 63.3
59,1 26  64.2
64 o4
64.0
53.0 26 wg' 1
91.2 30  81.0
88.9 32  81.0
89.0 32  79.8
89.7 32  80.6
.7 35 717
82.4 38 787
8l.2 37  78.2

NOTCHED/
UNNOTCHED
TENSILE

RATIO

1.07

1.11

1.07

1.13

=]

«
(
~

.30

.96

Page 20
HELIARC* WELD JCINT
BOTT WELD ELONG EFF
T .s L]
kal % i)
30.0 3
30.0 3
30 oo 3
30.6 4
30.5 3
3042 3 67
31.4 5
32.2 4
2.7 2
31.8 4 68
45.8 5
479 5
46.2 6
A 5
47.0 ]
46.8 5 75
59.7 7
66.5 9
57.1 7
72.1 10
i
23.9 9 7L

iriire nutt weld; x-royed; roll pleriched; no diubler veinforecment



+78°F

-320°F
-320°F
<2r

~423%F

DIRECTION

Long.
Llong.
Ave,

Trans,
Trens.
Ave,

long.
long.
Ave,

Trens,
Trans,
Ava °

Ekk CER

0.050" Sheet, Kaiser, Experimental Heat

[
L3
5
-
5
8
-2
9
16
a2
15
17
*

NOTCHED T.S.
(536.3) ksl

61.8

o
& %E
(8.} | ol

&

;§E§-q
5 N
vlo S

5 Nl s

8

3

MRO=-190
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NOTCHED/UNTIOTCHED
TENSIIE RATIO

0.99

0.99

0.94

O.%

0.86

0.90



TEST
TEMP.

oF

DIRECTION

+78

-100

@ -0

=320

=320

~4,23

Iong .
Long.
Long.
Long.
Avg

Tr-n.
Trane.
Tran.
Tran.
Avg

Long.
Long.

Avg

Trane.
Tran.

I-Ong.
Long.
Long.
Long.
Long.
Avg

Tren.
Traon.
Trane.
Tran.
Avg

Long.
Long.
Long.
Long.
Avg

Tran.
Tran.

>
4
[1:]

MRG-130
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TABLE X
Moechanieal Properties of 5086-H34 Muminum Alloy
«040" Sheet, Alcoa, Heat No. 106-40/
F¢y Fyu ©  NOTCHED NOTCHED/ HELIARC*  WELD JOINT
T.S. UNNOTCHED  BUTT WELD  ELONG EFF
kai TENSIIE T.5.
kel ksl & (Ky=6.3) _RATIO =~ __ksi % %
35.3  47.6 29 48.7 38.5 3
35.8 48.0 8  48.7 38.3 4
47.3 10 48.6 40.0 4
36.0 48.1 9 39.0 4
2.7 48,1 9 224 4
35.7 47.86 9 48.7 1.02 39.0 A 82
2.8 470 15 47.1
33.0  46.6 1 47.0
46.7
32.9 1469 15 42.8 1.00
36.5  48.7 50.3 39.5 5
36.6 49.0 15  50.2 39.9 5
J.g_-.% 489 L3 ___ 2.0 5
36. 48.9 15 50.3 1.03 39.5 5 81
324 47,7 15 474
A3 42 A5 418 1.00
41.5 66,1 24 62.7 574 9
40.5 66,0 28  62.0 57.5 e
41.3 63.6 61.0 5644 9
40.9 66.0 20 5449 9
40.0 95.1 2 ___ 22.7 2
40.8 65.4 =<4 61.9 «95 56. 9 86
37.2 61.6 27 5447
38.1 62.2 9 54.9
55.1
— o — 2228
37.7 619 28  55.0 .89
46.7 96.7 31 75.0 759 11
L7.7 96.5 31  68.8 76.3 1
46,6 92.7 27 0.3 T4l 1n
o —— 24.9 pe)
47.0 95.3 30 714 .75 75.3 n 5
1‘4 .9 86 . A- 36 58 03
4d.4 84,9 26 284
4i.2 85.7 30 58.4 .68

*4cliarc butt veld; x-reyed; roll planiched; no doubler reinlecrcement
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TABIE XI
Mechanical Properties of 5086-H38 Aluminum Allgy
0.050" Sheet, Kaiser, Experimental Heat
TES Fy Ft el. NOTCHED T.Z5. NOTCHED/UN: OTCHED
M. DOECTION ki kiy & (KZ6.2) kel _TENSILE RATIC _
+78°F Long. 57.4  64.3 6 65.2
Long. 58.5 6.1 7 63.9
Long. 58,8 64 .2 1 64,8
Ave. 58,2 i) 7 64 o6 1.01
+780F Trans., 5645 65.8 9 69.0
Mypmne 5A,2 AALD _C_). N
Aveo 56.7 65‘9 9 ,9'0 1005
~100°F Long. - 66.2 12 66.7
Long. 58,6 66.2 9 67.5
Ave. 58.4 Hez 10 é7.5 1.02
~100°F Trans. 58.4 67.7 10 71.9
Trans. 56.1 67.5 10
Ave. 57.3 7.6 10 7.9 1.06
-320°F Long. 59.5 76.1 19 5.4
Long. 61.8 76.9 19 75.2
Long. 6l.4 :Z% o3 17 7543
Ave, 60.9 76.8 18 75.3 0.98
-3209F Trense. 68.3 81.6 17 80.0
Trans. o5 . €l.2 17
Ave. 66.9 81.4 17 80.0 0.3
~£23°F Long. - 106 24, 85,1
Long. 69.1 J01 2 T7.3
Longe. 82, 10 25 81.0
dve., 75 105 25 “l.1 C.77
=4, 23%F Trens. 65.5  92.4 25 85.3
Trans. 67.0 92,8 27
Ave. 06.;  92.6 26 85,3 0.9
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TABLE XII
Mec al Pr ties of -H38 A All
040" Sheet, Alcos, Heat No. 667-471
TEST DIRECTION Fty Fiu © NOTCHED NOTCHED/ HELIARC* WELD JOINT
TEMP T.S. UNNOTCHED BUTT WELD ELONG EFF
ksi TENSILE T.S.
g/ ksl ks % (Ke=6.3) __RATIO _ ksl % A
+78 Long. 40,0 47.8 9 49.7 339 3
Long- 40.2 4707 9 4905 36.6 3
Long- 40.4 47.4 9 4945 35~6 2
Long. 36.7 3
I.Ongo —_— 22.1 2
Avg 40.2 47.6 9 435 1.04 35.7 3 75
78 Tran. o6 192 15 54.0
Tr"n- 4002 42.1 E §Ac0
Avg /&0.6 49-2 14 5400 l.lO
’100 LOng. 40.9 4902 M 51-2 38.10 2
Long. 40,6  49.4 13 81.1 8,8 2
avg 40.8  49.3 14 5L.2 1.04 38.6 2 78
=100 Tran. 41.7 50,1 15 5543
Tran. 40.9 50,3 15 25:4
=320 Long 47.3 66,5 30 64..3 53.8 7
Long. L7.2 66,1 30 6443 3.8 7
Long. L,6.8 66,0 30 64 .4 55.0 8
Long. 55.2 ';
Long.  ___ — b7 g
Avg 4701 EE.Z 30 6‘03 097 5505 7 84
=320 Tran. 47.0 63.8 29 66,0
Tran. 47.1 63.4 30 %g&g
Avg 47.1 63.6 30 .1 1.04
-3 Leng. 53.4 93.4 38 76.9 T7.2 11
Long. 54.6 93.1 31 78.7 7.5 11
Long.  54u] 93.9 26 Tl 5.6 n
Avg 54.0 93.5 35 77.6 .83 75.8 11 gl
-4,23 Tran. 57.0 88,0 37 76.5
Tran. 55.9 93.0 39 T7.8
Avg 56.5 91.0 38 77.2 <85

*Heliere butt weld; roll plenished; no doubler reinforcement
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TABLE XIII
Mechanicnl Propertices of 5456-H343 Aluminum *lloy
o 0.050" Sheet, Alcoa, Mileh 19842
TEST DIRECTION F 'y Ft\l e NOTCHED N OTCHED/ HELIARC* WELD JOINT
TEMP. 7 T.S. UNKCTCHED BUTT WELD ELONG EFF
ksi TENSILE T.C.
°F kel kel 2 (Ke=6.3) _RATIO = _ksi % %
+78 Long. 47.9 59.5 6.5 54.3 49.6 8.0
Long. 4605 58-3 6-5 53-6 47.1 3.0
long, 472 383 &b Zhab 0 2.0
Avg 47- 58. «5 54.2 ) 0.92 47. 43 81
+78 Trans- AAOA 59 -3 9.0 54.0 4701 310
Trans. 46.3 6l.5 8.5 51.6 47:6 3.0
AVg 45.4 OV B.7T  52.8 507 FALIVA 2.0 78
"100 Longo 48.1 59-8 8.5 197.9 4706 205
Long. 47.8 59.8 8.5 53.1 50,0 3.0
Long. 5206 52-2 _8_;_0_ 42!2 Lg
Avg 47.8 59.8 8.3 50.5 0.8 19.2 e 82
-100 Trans. 1‘-1&08 6102 9-5 50.0 51.6 3.5
Trans. 46,1 61.2 9.0 46. 52.1 4.0
Trans. 47.8 —
-320 Longo 5302 72.4— 8.0 5009 67.1 8.0
Long. 52.9 73.0 8-5 4709 67.6 8-5
Long. 52:9 T72.6 8.0 42.8 69.8 10.5
AVg 53.0 7207 8.2 1&905 0.68 68.2 9.0 94
.320 hans- 5101 70-9 700 [4,707 69.8 8.5
Trens. 515 70.9 7.0 486 . 1.0
Avg 51.3 70.9 7.0 48.2 0.68 9 9.8 99
-423 Longo 60.7 &03 7.0 5408 '7905 6-5
Longc 60.1 8106 5.0 53-9 7508 5‘5
Long. 60. 84!7 6.0 5605 76.6 6.0
Avg 0.4, 83.5 8.0 55.1 0.66 77.3 €.0 93
=423 Trens. 59.7 80.5 4.0 49.6 82.8 5.5
Trans. 37,6 80.d1 3.8 43.7 762 5.5
Avg 5807 80.3 4-5 4907 0062 79-5 505 99

*Hellarc butt weld; x-rayed; roll planished; no doubler reinforcement
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TABIE X1V
chopical P £ 606
0.025" Sheet, Kaiser, QQ=A-327
TEST Fy Feu el. NOTCHED T.S. NOTCHED/UNNOTC:ED
TEMP. DIRECTIQN kgi kgl y (Ky=6.3) kai TENSILE RATIO
+780F Long. 30.8 40.7 17 40.1
Long. 30.4 4042 17 41.9
Long. 20:%5 40:5 lz
Ave. 300 4005 17 4—1.0 lool
+78°F Trans. 26.1 94 17 38.4
Trans. 26.5 329.9 17 38.9
Trans, — 40,5
Ave. %03 39-7 17 3903 0-99
-100°F Long. 3244 L4520 43,0
Long- 31'5 43 06 20 42'1
Long. 321 Abied Ay 42+8
Ave. 32.0 Lhe2 2 L2, 0.96
-100°F Trans. 2.0 43.7 22 42,3
Trans. 22 .1 4‘1 ‘3 g_o_ M
Aveo 29.1 1&3 5 21 14108 0096
~3200F Long. 37.6 58.0 28 50.0
Long. 37.6 57.9 30 51.7
Ave. 37.5 58.0 2 51.2 0.88
-320°F Trans. 33,1  57.2 30 50,5
Trans. 2;34 18_ ilv 2
Ave. 32.3 52.9 29 51.1 0.90
- 23°F Long. L8., 871 32 61.7
Long. 4644 86.6 31 61.3
Long. 46.8 86,6 31 63,1
bve. A47.2 86.8 32 62.0 0.72
~,23°F Trans. Lhede 92,5 34 62.0
Trans. 4.208 9201 éé_ 63.1
Ave. 4306 9203 31b 62-6 Oc68

d
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TABIE XV
TEST Fy Fy el. NOTCHED T.S. NOTCHY.D/UNNOT CHY L
TEMP- DIRECTION kel kst & (E4=6.3) ksl TENSILE RTIC
Long. 43.4 47.2 1 43.5
Long, 434 47.2 10 50.1
Ave. 43.5 474, 11 49.6 1.05
+780F Trans. L1.6  46.4 10 48.0
TI‘BnS. 4;06 4604 ;g_ 42 :O
Ave, 21,6 164 10 L8.5 1.05
~100°F Long. 45.1 51,5 1 53,2
Long. 457 51.7 11 53.8
Long. . 51,8 11 23.5
Ave. 45. 51.7 11 53.5 1.04
~100°F Trans. Ly oby 51.0 11 51.6
Trans. L6 5.5 1 6
tve. LL.5 51,3 11 51,6 1.01
~320°F Long. 51.4 62,1 17 61.6
Iﬂngo 50.7 61c4 12 61-9
Long. 51-7 6209 17 63 03
Long. 50,9 6. Q%
Ave., 51.2 2.3 1 62.3 1.00
-320°F Trans. 47.2 609 12 60.1
Trans. 49.0 61.2 17 53.9
Trrns. 49.2 60.6 18 59 .6
Trans- .
pve. 8.5 60.9 16 58.3 0.96
-, 23°F Long. 56,1 .0 2% 72.7
Longe. 5440 82.7 25 75.3
Long. 54, .6 77.6 25 77.3
Long. - 8.1 19 73.0
Ave. 54.9 80.1 23 7 o6 0.93
—,23°F Trans. 55,0 77.9 25 71.3
Trans. - 71.0 25 7002
Trans. 5447 8.3 2
Ave.  54.9 757 25 70.8 0.94
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TABIE XVI
Mechapical Properties of 6061-T6 Aluminum Alloy
1" Plate, Kaiser, QQU=A=-327
TEST Ft Ft el. R.A. NOTCHED T.C. NOTCHED/UKNGZT By
TEMP . DIHECTION kil k& & & (Kg=6.2) kel _ZLNSIIE ©OTD0
+78°F Long. L4l LE8.4 20 31 70.3
Long. bhed 48.1 19 35 70.2
Long. 43.8 47.8 i) 47 70,6
Ave. 44,0 48.1 19 38 70.4 1.46
+78°F Trans. 71.6  8l.2 10 9 71.1
Tiond. 71.4 21.5 10 1l 65.8
Ave. 71.5 8.4 10 10 6Z.Y SN
~100°F Long. 46.4 5242 21 45 76.2
Leng. 47.1 52.9 21 43 75.3
Long. = 2245 A 42 5.6
Ave. 6.8 5245 ~1 L4 75.7 1ol
~1000F Trons. 73.0 84.7 6 6 75.6
TI':BIIS. 1_608 84.2 _é i o':
Ave. 7LD 84.7 6 6 7545 e
=2200F Long. - 63.8 25 46 86.0
Long. 52.1 6443 2 37 85.9
Long . 5204 e'ég_,_g 2% 37 86,2
Ave. 5743 YA =5 A0 £6.0 1.22
-320°F Trans. 3.7  94.0 4 3 86.9
Trans. 81- 2 E):z s t __2 _A 75 .é
Ave. 8207 91-9 3 4- 81 2 ¢ .(ii';-
~£,23°F Long. 5,.8 W.8 02 39 96.1
Long. 56.5 81.1 28 2 38.0
Long. 2600 M :‘3_ éLQ 2507
Ave. 55.8 30.3 3 37 96.6 1.20
-4, 23°F Trans. 94.6 102 3 2 9.6
Trens. 95.5 102 = 2 88,2
Ave. 5.1 102 3 Z F1.4 0,90
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TABLE XVII
Mechenical Properties of 7075-T6 Aluminum All
0.025" cheet, Alcoa, QQ-A-283
TEST Fy Fiu el. NOTCHED T.S. NOTCHFD/UN* (5 CAD
TEMP. DISECTION lc_g,{ ksi Z_ (Ky=6:3) 1sd TENSILE RATIC
+78° Long. 71.8 .8 9 80.6
Long. 68.9 79.0 9 8202
Long' - Bog _2 81._1*
Ave. 70.4 7.5 9 81.4 1.02
+78°F Trens. 69.4  77.7 10 77.9
Trans. 9.4 174 10 7.2
MNe. 6904 77.6 10 77-6 1.3:
-100°F Long. 75.7 843 10 84, .6
Longo 76.7 85-3 10 8307
Long. 6.2 8.6 1 "
Ave, 6.2 85.1 10 8L 0.99
-100°F Trans. 74,0 82.7 1 80.5
Transe. Zé.g 8"‘.7 _z 8002
ve. 4.1 83.2 9 80.6 0.97
"320°F Longo 8605 9702 lo 76.0
Long. 86.5 97.2 10 7249
Long. — 18:2
fve, 86.5 97.2 10 75.7 0.73
-320°F Trons. 81.6  94.7 11 4.3
Trans. g2.0 95.1 12 725
Ave . 81 . 8 910» .9 12 73 09 O 078
~4,23°F Long. 98.3 116 8 83.7
Long. 106 117 6 8.2
leng. 25,7 S 85.0
Ave. 100 116 8 8.3 0.73
-, 23°F Trans. 96.6 111 11 9.1
Trons. - pay 13 78.3
Ave. 96.6 11z iz 78.7 0.70



TABIE XVIII

Mechanical Properties of 7Q75-16 Alupinum Alloy

TEST DIRECTION

AEMp °F

+780F Long .
Trens,

‘320°F Iong [
Tranﬂ .

~423°F Long.

2.5“ Pht‘, Ihiser, QQA%B

F

B

84.7
42,2

8444

49.9

r
K&t

92.9
47,0

9.5

110
61.9

129

)
3

1
1

(>3

P

R. A,

13
43

NOTCHED T.S,

15
68,7

16

112
86.2

116

MRG=-190
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NOTGHED/UIT O CELY
TENG IIE Rivi10

1.24
1.46

1,18

1,02
1.3¢

0.90
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TABIE XIX.
Mechanical Properties of 7079-T6 Aluminum Alley
«080" Sheet, Kaiser
TEST Fy Fey  el. NOTCHED T.S. NOTCHED/UNKOTCi: D
IEMP. preEcTion kel kel & (Ke=623) ksi TENSILE RITIC
+780F Long. 68.8 76,7 12 83.8
Long. 68.9 76.9 1 82.5
Long. .1 77.6 il
Aveo 8-9 77-1 11 8302 1008
+780F Trans. 66,7 75.9 10 81.3
TI"‘T!S. ééﬂ,6 2600 l_l. 8;01
Ave. 06,7 76,0 11 gl.2 1.07
-100°F Long. 72.9 81.4 12 85.6
Long. 73.1 81.9 12 83.7
Long. .5 83 L —
Ave. T73.2 81.5 12 84.7 1.04
-100°F Trans. 6.9 20.9 12 84.5
Trans. 2.4 81.0 12 83.4
tve, 9.7 81.0 12 84.0 1.04
~320°F Long. 82,0  94.5 15 91.3
Long . 2.4 943 16 91.0
Long. 81.8 2.2 16 —_—
Ave, 82.1 943 16 31,2 0,97
~320°%F Trans. 78,2  94.0 11 80.1
Trans. D.l 23.6 13 84,0
Ave. 78.7 93-8 82-1 0.88
~4,23°F Long. 90.9 12 g 81.2
Long. 90.8 110 8 76,0
Long. 1.6 113 4 S
tve. 91.1 112 8 78.6 0.70
-4, 23°F Trans. 89.4 105 6 78.5%
Trons. 91.6 120 -6 17.1
Ave., 90,5 113 6 778 C.6%
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TABIE XX
Mechanieal FProperties of 7079-T6 Allo
5% Billet, Aluminum Company of fmerice, C-01041
TEST Fy. Feu el. R.A. NOTCHED T.f.  NOTQHED, /UM vii-il
TEMP. DIRECTION ]_{_gi ksl % 2 (Ky=6.3) ksd TENSIIE ZATIC
+78°F Long. 70.8  77.9 11 17 91.1
Long. 66,5 747 10 17 97.0
Long. 70.9 77.9 12 16 94.0
Long. 64 .0 73.7 12 7 96.5
Long. 71.6 78.6 10 11 87.3
Long. 6412 7) 09 12 11 97-5
Long. — — 87.9
Ave. 68.0 76.1 11 15 93.0 1.22
+78°F Trans. 68.1 77.6 7 11 87.2
Trans. 63.1 3.1 8 12 9.3
Trans. 63.9 75.7 7 9 30.3
Trons. 62,9 The2 10 8 0.9
Ave. 645  75.2 8 10 89.2 1.19
-100°F Long. 71.5 79.6 3 8 84 .8
Lenge. 69.2 78.1 4 8 88,3
Longe. 71.3 78.4 3 8 83.2
Long. 63.9 185 4 2 20.6
Ave. 70.2 78.7 4 8 842 1.0%
-100°F Trans. 66.0  77.2 5 9 7.9
Trans. 68, 73.8 3 8 72.6
Ave, 7.3 755 4 9 76.3 .01
~320°F Long. 85.5 - 2 78.2
Long. .2 87.1 2 4 68.1
Long. 85. 9.3 4 2 77.6
Long. 84.1 89.3 3 3 83.2
Long. 285.3 g7.8 3 2 1.5
I.Ongo - 87 -9 3 2 r/g 'O
Long. 84.0 90.0 3 2 77.1
Leng. £5., 88.5 2 2 71.5
Ave. 84.0 gg.2 3 3 75.8 C.it
~3200F Trane 71.3 83.6 2 2 68.7
Trans. 77.1 82 .4 2 1 63.1
Trons. 72.8 82.0 4 3 77.6
TT&IIS- —— — — O o?
Ave. 741 82.7 3 2 9 0.25
-4, 23OF Long. 80.7 91.5 3 3 7449
Long. 90.8 38.2 2 4 8.7
Long. - 9001 1 3 5() .L
Long. 21.1 27.8 3 3 435
Long. —_— — . AT
Ava, 2745 74 3 STAR S

Joa 2 e
b T i .
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.
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TABLE ¥XT
wanic . s of 7178-T6 2 11
0.036" Sheet, Kaiser, MIL-A-9180A
TEST Fy Fy el. NOTCHED T.S. NOTCHED,/UN" OTCHED
IEMP,  DIRECTION el ki (k4=6.3) ksi _TENSILE RATIC
+78CF Long. 82.4 30.2 12 91.4
Leng. 82.6 89.6 12 93.3
Long. 83,0 0.0 12 90,7
tve. 82.7 9.9 12 91.8 1.02
+78°F Trans. 7.9 90.2 1 9.5
Trans. . 20.5 11 838.5
Ave. RBD,0 a0,/ N 2.0 0.93
-100°F Long. 87.8 953 11 81.0
Long. 88.2 95.2 11 75.0
Long. 87,5 25,0 1.
Ave. 87.8 95,2 11 76.3 0.81
. Trens. 8.1 9549 10 66.4
Trans- ——— M
Ave. 83.5 95,7 10 7.3 0.78
~320°F Long. 98.6 106 4 59.5
Long. 98.9 106 A 57.2
Long. 98.8 107 5 21.9
Long. — 8
Ave. 98.8 106 JA 57.6 0.54
-320°F Trans. 94.5 106 3 554
Trans. 92-2 l% 3 5403
Trans. —_ — 46,0
Ave. 93-4 106 3 51-9 0049
-, 23°F Long. 112 122 2 68.3
Long. 114 125 2 57.5
Long. 108 122 2 61.2
Long., Al 12 2 63.9
Ave. 111 123 2 62.7 0.51
~{,23°F Trans. 112 125 3 56.9
Trans. 11 123 3 5441
Trans., — —_— — 2.1
Ave. 112 124 3 5647 0.46
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TABLE XXII
Mechonical Iroperties of X7275-T6 Al
0.050" Sheet, Kaiser, Experimental Heat
TEST Fy Fy el. NOTCHED T.S. NOTCHED/UN 0TCrED
TEMP. DINECTICN e el 2 (Ey=623) kel TENSILE RATIC
+78°F Long. 75.7 87.0 1 90,9
Long. 75.1 86.0 1 90.7
Long. 26.5 86.6 M zloz
Ave. 75.8 86.5 14 91.0 1.05
+78°F Trans. 72.4  83.7 1l 89.7
Trans. 8 nl M o
‘-‘Ve. 72. 83. 14 890 1.07
"lOOOF ng . 75 . 5 86 04 15 9 5 o[b
Long. 76.2 84.5 15 95.7
Long. 75.2 8.7 15 4.6
tve. 75, 85.2 15 95.2 1.12
-100°F Trans, 71.9 83.2 14 £9.8
TrSnS. 24' Z %01 M 21:5
Ave. 7303 83.7 M 90.6 1,08
=3200F Leng. 86.1  95.0 7 87.4
Long. 87.5 99 o4 5 76.6
Long. 81.1  24.6 5
Ave. 84.9 96,3 6 78.6 0.82
-320°F Trans. 76.5 933 12 7.1
Trans. 83,7 22,; £ 847
Ave. 80.1 26.2 9 81.9 0.85
-4, 23OF Long. 97.9 116 5 76.1
Long. 98.9 11 4 75.0
Long. — — 4.8
Ave. 98.4 11, 5 75.3 0.67
-, 23°F Trans. 93.5 106 A gl.2
Trans. 96.8 109 A 82.0
Ave., 95.2 108 A 31. 0.76
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TABLE XXIII

Material Selection Guide

‘ (An X Indicates the Material May Be Used For Structursl
Applications at the Indicated Temperature)

Materjal Jlemperature
=200°F =320 0 423

X

B

2014~T6 Sheet
2024~T3 Sheet
2024~T4 Sheet
2024-T4 Plate
2219-T81 Sheet
2219-T87 Sheet
5052-H38 Sheet,
5083-H38 Sheet
5086-H34 Sheet
‘ 5086-H38 Sheet
5154-H38 Sheet
5456~H343 Sheet
6061-T4 Sheet
6061~T6 Sheet
6061-T6 Flate

Lo TR - B B S T . T - T B

Fo T . TR - R B - N R . B - B S |

o T T B S S - R - R B A T
Mook M M M M

7075-T6 Sheet

MM O O MM M

Lo T o T o B
~
4

7075-T¢ Flate

A Ml O A
UYLV Doy

<
I
14

7079-T6 Billet X X
7178-T6 Sheet X
7275-T6 Sheet X X
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